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(57) Abstract: The present disclosure includes apparatuses and methods for counter update operations. An example apparatus comprises
a memory including a managed unit that includes a plurality of first groups of memory cells and a second group of memory cells, in
which respective counters associated with the managed unit are stored on the second group of memory cells. The example apparatus
further includes a controller. The controller includes a core configured to route a memory operation request received from a host and
a datapath coupled to the core and the memory. The datapath may be configured to issue, responsive to a receipt of the memory
operation request routed from the core, a plurality of commands associated with the routed memory operation request to the memory
to perform corresponding memory operations on the plurality of first groups of memory cells. The respective counters may be updated
independently of the plurality of commands.
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APPARATUSES AND METHODS FOR COUNTER UPDATE QPERATIONS

{0001} The present disclosure relates generally to semiconductor
memory and methods, and more particalarly, to apparatuses and methods for

counter update operations.

Backeround
{0062 Muteory devices arg typically provided as internal,

senviconductor, inegrated circuits andfor external removable devices in
computers or other electronie devices. There are many different types of
memory including volatile and non-volatile memory. Volatile memory can
require power to mamntain its data and can inchide random-access memory
{RAM}, dynamic random access memory {DRAM), and synichronous dynamic
randont secess memory {SDRAM), among others. Now-volatile memory can
provide persistent data by retaimng stored data when not powered and can
mclude NAND {lash memeory, NOR flash memory, read-only memory (ROM},
and resistance variable memory such as phase change random access memory
{PCRAM), resistive random access memory {RRAM)Y, and magnetic random
access memory {MRAM), among others,

{0003] Memory devices can be utilized as volatile and non-velstile
memory for a wide range of electronic applications i need of high memory
densities, high reliability, and low power consumption. Non-volatile memory
may be used i, for example, personal conmputers, portable memory sticks, solid
state drives (SSDs), personal digital assistants (PDAS), digital cameras, cellular
telophones, portable mussic plavers, for example, MP3 plavers, and movie
players, among other electronic devices. Data, such as program code, user data,
andfor system data, such as a basic inputioutput system (BIOS), arc typically
stored in non~volatile memory devices.

{6004 Onie of a number of states (e.g., resistance states) can be set for a
resistance vartable memory cell. For example, a single level cell (SLC) may be
programmad (e, wrilten) 1o one of two states {e.g., logic 1 or 8}, which can
depend on whether the cell 1s programmed to a resistance above or below a

partcudar level. As an additional example, various resistance variable memory
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cells can be programmed to one of nudtiple different states corresponding to
respective digit patterns (eg., 10,01, 00, 11, 1H, 101, 100, 1016, 1111, G101,
G001, ete). Such cells may be reforred to as muultl state celdls, mudti-digit cells,
and/or nuhtilovel cells (MLCs).

{6805] The state of the memory cell can be determined (e.g., read), for
example, by sensing current through the cell responsive to an applied
nterrogation voltage. The sensed current, which varies based on a voltage level
of the cell, can indicate the state of the cell {e.g., the binary data stored by the
celly. However, the voltage level of the cell may undestrably change due to

various reasons, which can result in crroncous sensing of a memory cell.

Brief Description of the Drawines

{8006} Frgure 1 s a block diagramw of an appamtus in the formofa
computng system nchuding a memory system capable of perforamng counter
apdate oporations i accordance with a mumber of embodiments of the present
disclosure.

{8007] Figure 2 illustrates a diagram of an examyple physical Mock
having a nmumber of physical pages in accordance with @ number of embodiments
of the present disclosure.

{0008] Figure 3A ithisirates 3 tuning diagram associated with updatng
counters associated with & write operation.

{0009] Figure 38 dlestrates a timing diagram associated with updating
counters associated with a read operation.

jeo1g] Figure 3C ilustrates a tinung diagram associated with porfornung
a counter update operation in accordance with a number of cnbodiments of the
present disclosure.

{6011} Figwre 4 illustrates a diagram associated with performing an
example counter operation during a read operation in accordance with a manber
of embodiments of the present disclosore.

{6012} Figure § illustrates o diagram associated with performing an
example counter update operation during a write operation in accordance with a

number of embodiments of the present disclosure.
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Detaled Description
{6013] The present disclosare mchudes apparatuses and methods for
performing counter update operations. An example apparatus comprises a
memory ncluding a managed umt that includes a plurality of first groups of
memory cells and a second group of memory cells, in which respective counters
associated with the managed unit are stored on the second group of memory
celis. The example apparatus further includes a controller. The controlicr
ncludes & core configured to route a memory aporation request received from a
host and a datapath coupled to the core and the memory, The datapath may be
configured to issue, responsive to a recaipt of the memory operation reguest
routed from the core, a plurality of conumands associated with the routed
memory operation request to the memory to perform corresponding memory
operations on the pharality of fivst groups of memory cells. The respective
cowers may be apdated independently of the pharality of commands.
{0014] A number of counters (¢.g., read/wrife counters) may be utilized
to-deternune when to Mrefresh™ colls (g, setting the cells back to thetrtarget
state). For example, a read signal andfor @ write signal applied to the colls may
unclesirably alter (.., readéwrite disturbs) a state of a particular cell (e.g., to
which the signals are applied) as well as those neighboring cells (e.g., cells
adjacent to the particular cell), which results in an erroneous deternunation of a
logical state of the cells. Avcordingly, the namber of counters may he utilized @
wentify a degree of influonce of the signals on, for example, neighborng cells,
and may determine when to refresh those neighboring cells o correctly sense a
logical state of the cells,
{6815] Embodiments of the present disclosure provide vartous bencfits
such as reduced latencies assoctated with a memory device capable of updating
counters {e.g., readdwrite coanters) compared 0 previous approaches. For
cxample, variogs previous approaches associated with updating couniers include
retrieving the counters from an armay of memory cells, updating the retrieved
counters at a different device than a device including the array of memory cells,
and/or storing the retrieved cownters back to the array of memory cells where the
counters weore previously stoved. Such an approach can require comstantly
communicating information {e.g., transferring data) among the associated

devices, which may result in endesived {atencies associated with conmmunicating
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the information andfor may be costly in terms of energy consumpstion by
requiring a number of andesired  sensing/progranuming of cells (e.g., which
waodd further results 1 rodoced data reliability and/or data integrity). In
eontrast, & number of erbodiments of the present disclosure can provide counter
apdate oporations in & maneer that reduces latencies associated with
communicating information {v.g., read/write counters) and reducing energy
consumption as compared to prior approaches.

[an16] In the following detailed deseription of the present disclosure,
reference is made to the accompanying drawings that form a part hereof, and m
which s shown by way of iflustration how one or more embodiments of the
disclosure may be practiced. These embodiments arc deseribed tn sufficient
detml to enable those of ordinary skill in the art to practice the embodiments of
this disclosure, and i is to be understood that other embodimenis may be utilized
and that process, clectrical, and structural changes may be made without
departing from the scope of the present disclosure.

j 7] Asused horeln, designators such as "N ad "M, partioudasly
with respeet o reference numerals i the drawings, mdicats that a number of the
particular feature so designated can be included. 1t s alse to be understood that
the terminology vsed herein 1 for the purpose of describing particular
embodiments only, and is not intended to be honting.  As used hevein, the
stogdar forms “a”, “an’, and “the”™ can include both singudar and plumd
roferents, unless the context clearly dictates otherwise. In addition, “a mumber
of” something {o.g., a mumber of memory cells) can refer to one or more of such
things, whereas 3 “phaality of " is intended o refer to move than one of such
things (e.g., more than one memory cell). Furthermore, the words “can™ and
“roay” are used throughout this application fn a pornussive sense (e.g., having
the potential to, being able to}, not in a mandatory sense (e.g., requived to}.
[B018] The figores herein follow a numbering convention in which the
first digit or digits correspond to the drawing figure number and the remaining
digits identify an cloment or compongent in the drawing. Similor clements or
components between different figires may be wdentified by the use of similar
digits. For example, HO may reference clement “107 in Figure 1, and a stnifar

element may be referenced as 310 in Figure 3.
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j0019) Ordinal numbers such as first and second are used herein to assist
in correlating and/or distinguishing between stmnlar and/or selectably coupled
components {¢.g., groups of momory cells, materials, ¢te ) and are not used 1o
indicate a particular ordering and/or relationship between the components, unless
the context clearly dictates otherwise (e g, by using terms such as adjacent, ete.).
{06024 Figure 1 is a block diagram of an apparatus in the formof a
computing system 100 mcluding a meemory system 104 capable of performing
counter update operations in ecordance with a number of embodiments of the
prosent disclosure. As used herein, a memory svstem 184, a system controller
113, or a memory device 116 might alse be separately constdered an
“apparatus.” The memory system 104 can be a solid state drive (88D, for
exaniple, and can mclude a host interface 106, a system controller 110, and a
memaory dovice 116, which can serve as a memory for system 14,

{602 The system controller 110 can be coupled to the host 132 via host
mnterface 106 and to the memory deviee 116 via memory miterface 108, and can
beoused to transfer data betwesn the memory systom 104 and a bost 102, The
host nterface 106 can be n the form of a standardized Interface. For example
wherrthembemory svsfem 14 Is used for data storage in'a cotapuling system
100, the host interface 106 can be a serial advanced technology attachment
{SATA), peripheral component interconnect express (PCle}, or a universal serial
bus (USH), among other connectors and mterfaces. To general, the ey
system 104 and the host 102 that are coupled to cach other via the host interface
136 may each have a compatible receptor for passing control, address, data, and
other signals via the host iinterface 106, Sinularly, the system controller 11 and
the memory device 116 may each have a receptor compatible with the memory
imterface 108, The memory interface 108 may support various standards andior
comply with varioas interface types (e.g., DDR, ONFI, cte.).

[6022] Host 102 can imchede a system motherboard andfor backplane and
can include a nurnber of memory access devices (e.g., a number of processors).
Host HI2 can also be a memory controller, such as where memory system 10415
a memory device (e.g., a memory device having an on-die controller). Asan
example, assunung that the computing system 100 is a cellelar phone (o,

sprartphone), the host 102 may be a system on a chip (SoC) and the memory
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system 104 can be an embedded Molti-Media Controller (eMMO) andfor
Universal Flash Storage (UFS).

[0023] The system controller 110 can conumunicate with the memory
device 116 (which in some embodiments can be 3 number of memory arrays on
a single die andfor a number of dies) to control data read, write, and erase
operations, amonyg other operations, The system controller 110 can be coupled
to the memory mierface 18 couphing the system controller 110 to the memory
device 116, The system controller 110 can moelude, for example, a number of
components 1w the form of hardware andfor fimwvare (e.g., ong or more
integrated circyits amdfor software for controlling access to the memory device
116 andfor for facilniating data transfer between the host 102 and memory deviee
116,

{6024] In some embodiments, the svstem controller 110 may be a non-
volatile memory express (NVMe) controller. For example, the system controfier
110 may be configured to operate in accordance with a logical device interface
spreification {e.g., profocol) soch as the NVMu specification or 8 non-volatile
memory host controller interface spectfication. Accordingly, i some
embodiments, the system controlier 114 may be configured to process
commands according o the NVMe protocol,

{0825] The system controller 110 can include a core component 112 and
a datapath component 114, The core component 112 can be configured to
poerform varous functions such as receiving a memory operation request {e.g.,
reqoest to perform operations on the memory device 116) from the host 102 and
route the request 1o a datapath component 114, The datapath component 114 can
he vonfigured to generate, responsive o a recoipt of the routed request,
commands associated with the routed request and issue the commands fo the
memory device 116,

j0826] I some emboduments, the datapath component 114 can scrve as
an arbiter component, which can be configured to perfonm various funchions
such as coordiating commands performed on mamary device 16, In some
cmbodiments, the datapath component 114 can sorve as 8 sequencer componeis,
which can be configured to porform various functions such as sequencing

commands to be issued to the memory device 116 such that operations
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corresponding to the commands nay be performed within the memory device
116 as sequenced by the datapath component 114,

{oo27] The memory device 116 can include a monber of memory arrays
{not shown) and a control logic 118 {e.g.. memory controller). The control logic
118 can be located intermal to the memory device 116 and can receive
commands (e.g., write conmmands, read commands, refresh commands, eic.)
from the system controller 110 via the memory interface 108, As describe
further hevem, the control logic 118 can be configured to manage {e.z., update)
counters stored in the memory device 116 mdependently of the host 102 (e.g.,
without assistance from external controlier such as the host 102}, Stated
differently, the control logie 118 can be configured to perform the counter
update operation despile that the system controlier 110 does not cause the
control logic & to perform the counter update operation. Accordingly, the
control logic 118 can be configined to update the counters without wansfenmg
the counters back 1o the system controller 110,

jaa28] In some cmbodiments, the system controlier 1 18 may not cause
the countrol logie 11# to perform the counter update operation unless reguested
by the control logic 118, For example, the contrel logic TS may perform the
counter update operations independently of the system controller 110 {fe.g,
absent 8 divection 1ssued from the system controller 110) by, for example,
incrementing/decromenting a respective counter value unitl a threshold is
reached. When the teshold s reached, the control logic 118 may request a
direction from the svstem controller 110, In this event, responsive to the request
from the control logic 118, the system controller 110 may tisue a divection
assovtated with what to do when the threshold s reached (e g., increment,
decrement, andfor reset). As such, in some emwbodiments, the system controlier
110 may be offloaded from bardens of performing counter update operations by
allocating a portion of the brwrdens {o the control logic 118,

{8029] In g number of embodiments, updating counters {e.g., by the
control logic 11R8) may include incrementing values of the counters, for exanwple,
until a threshold value is reached, decrementing/rosetting valugs of the counters,
for exanple, when a state of memory cells are refreshed, andior alerting (...
fterrupt signal} the host 102 andior the system controller 1H) when any one of

the counters reaches a threshold value. In some embodiments, a read countsr
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may be incremented cach time corresponding memory cells are read. Shntlarty,
3 write counter may be incremented each time corresponding memory cells arg
programmed {e.g., written). The terms “program™ and “write” are used

interchangeably hevein and may have the same meaning, as appropriate to the

context,
{0038 In some embodiments, counters (.., at least a portion of the

counters} may have a plurality of thresholds. For example, a particular counter
{¢.g.. read andior write) may inchude two different thresholds, snd each of the
two different thresholds may be utihized to farther define what course of action,
for example, the memory device 116 can take when each threshold is reached.
As an example, the memory device 116 may be configured to send an alert to the
host when one threshold (e.g., lower) 1s met for the particular counter and further
confignrad to reset (o.g., saturate) the particalar counter when another threshold
{e.g., higher) s met. The terms “reset” and “satwrate”™ are used interchangeably
herein and may have the same meaming, as appropriate to the context.

{031 In some-vmbodinnents, resetting values may inchude adjusting
vahies to an initial valae (e g., 0 andior a predetermined valug such as X3, For
example, when 3 particular value reaches a thresheld, the particular value may

be adjusted (e.g., reset) t0 the indtial value such that the partieudar valae may
again be incremented/decremented withowt exceeding the dweshold value.
Values may be reset cach the threshold value 1s met (o g, remitialization).

{8832) In some embodiments, difforent types of counters may be
employed for the computing system 100, The different types of counters may
include, for example, 3 read counter that can be particularly utilizable for a cache
memory such that it may be reset more frequently than it would have been had
the read counter utilized for main memory (e.g., memory device 116). The
different types of counters may inchude, for example, two different write
counters sach that one of the two ditferent write counters can by utilized for
memory operations (e.g., read/write operations and another one of the two
different write counters can be utilized for wear loveling operations.

{8833] In & aumber of embodiments, the memory aray(s) of memeory
device 116 cam comprise non-volatile memory cells. For example, the memaory
cells of the memory arvay nay be resistance variable memory cells such as

PCRAM and/or RRAM. As an example, the memory cells can be phase change
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memory {PCM) cells, which can be chalcogenide-based memory cells including
a single chaleogenide material serving as both a storage elements and a switeh
clements for the colls andfor a stack of materials with a first chaleogenide

gemide serving as a

o

material serving as a switch clement and a second chalco
storage element for the cells. However, embodiments ave not so timited. For
example, memory arrays of the memory deviee 116 may comprise NAND flash
memory cells and/or NOR flash memory cells, among others.

{6034] Memory cells {¢.g., resistance variable mamaory colls) nay be
rewritable. For example, a particudsy data pattern can be programmed {0 a group
of resistance variable memory eclls without necessarily erazing data previousty
stored i the group.

[6035] In operation, data can be written 1o and/or read from memaory
device 116 as a block of data, for example. As such, a block of data can be
referred to as a data transfor size of the memory system 104, Data can be sent
to/from a host {e.g., host 102) in data segments reforred o as sectors {e.g., host
seckurs). As such, a sector of data cin be reforred fo as a data transfer size of the
host. In a munber of embodinents, the memory deviee 116 can store managed
units in respeetive blocks of memory cells (o, rosistance variable memory
cells). As used herein, 3 managed unit may be reforred to as a manber of
memory cells that are programmed andfor read together or as a functional group.
{8036] A managed enit may correspond to 3 logieal block size {eg., a
data transfer size of g host sach as host 102) andfor a data management size of a
memory system {e.g., memory system 1043, which can be, for example, 4KB.
Ay an exanple, @ maniaged wnitcan be mapped (8., via system controller 11
to a physical block of memory cells. However, embodiments are not so Tinited,
For example, a managed unit may correspond to more than a logical block size
when a group of memory cells storing user data and overbead data (e.g., data
informative of other data stored within the group of memory cells) corresponds
to more than g logical block size. As an cxample, the overhead data may include
data such as metadata, ervor correction code (ECQC) data, logical block addresses
{LBA} data as well as counters {¢.g., readdwrite counters) associated with
memory operations performed on a managed vnit {¢.g., physical block 224
{6037 In a number of embodiments, 3 managed unit may include

different types of groups of memory cells, For example, the managed wnit may
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mclude a plurality of first groups of memory cells and a second group of
memory cells, in which counters associated with the managed wnit may be stored
on the second group of memory colls. As deseribed herein, a “group of memory

cells” may correspond to a page of memory cells.

{8038 Figare 2 illustrates a diagram of an example ph}fsicai block 220
having a number of physical pages 222-0 (PAGE 0), 222-1 (PAGE | o 222-

NAPAGE N) in accordance with a number of embodiments of the present
disclosure. In a number of embodiments, the example physical block 220 may
be a managed wnit as described i connection with Figare 1. For exanple, a
physical block of cells can refer o a number of memory cells that are

progranumed andi/or read together or as a functional group.

{6039] The block 220 may include a number of pages 2230 {(PAGE 0},
I-V(PAGE 1), . L 222-N{(PAGEN) (g, coﬂectiveiy referred to as pages

222} As an cxample, the number of physical pages 222 may be 128 pages with
each page corresponding 1o 32 bytes page size. As such, the block 220 alse can
correspond to 4KB bvies block size. Hinwever, cutbodiments are not so tnited.
For example, the munber of physical pages 222 may be 516 pages, 1024 pag

gte. and a block size of the block 220 can vary based o 3 page size of each page
{e.g., pages 2200 and a namber of pages the block 220 includes.

{8040 In some embodiments, physical pages 222-0, . ., 222-(N-1) may
be utiized to store user data, and a physical page 222-N may be uiilized to store
overhead data, such as metadata, evror correction code (BCCY data, logical block
addresses {(LBA) data as well as counters {e.g., readdwrite counters) associated
with mesaory opetations performed on & managed wnls (., phyvsical Dlock 220,
I some embodiments, more than one physical page (e.g., physical page 222-N)
may be allocated to store the overhead data,

{6041 The physical page 222-N 15 iHlustrated in greater detait in Figore
As iftustrated in Figure 2, the phyvsical page 222-N inclades a first portion
224 and a second portion 226 that may be utilized to store different types of data,

In some embodiments, data stored on the first portion 224 may be metadata
including integrity data such as eoror data {e.g., ervor detecting andfor correcting
code data). In some embodiments, data stored on the first portion 224 may be

irformation related to a particular physical block (e g, logical block address

10
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corresponding to the particolar physical block) which may be used by the system
controller 110,

{8042] The second portion 226 of the physical page 222-N may include
comnters such as g read counter andfor a write counter. As used heremn, aread
counter may be referred o as a value indicating a quantity of read operations
performed on 3 managed unit (e.z., physical block 220), for example, relative 1o
a quantity of read operations performed on managed wuts. As used herein, a
write counter may be referred 1o as a value mdicating a quantity of wnite
operations performed on a managed unit {o.g., physical block 220), for example,
relative to a guantity of write operations performed on managed units.

{6043} As an examiple, in which a physical page 222 corresponds to a
page size of 32 bytes, the first portion 224 that stores the user data can
correspond to 30 bytes, and the second portion 226 that stores the counters (e.g.,
read/write counters) can correspond to 2 bytes{e.g., I byie for cach of the
counters). However, embodiments are not so hinnted. For example, size of
gountars may vary such that; in some embodiments, read and wrile countors may
be 8-bit cach, andior, in some embodinents, a size of a read counter may
correspond to 16 bits winle a size of a write counter may correspond to 32 bits,
[{8044] Having a relatively small size for a managed amit {e.g., physical
block 220 corresponding to a block size of 4KB) may provide benefits such as
enabling the control fogie 118 fo manage couners stored in the managed unit, as
compared to those approaches having a block corresponding o a block size of
SI2KB, LO24MB, ete. For example, the control logic 118 nmay be restricted in
terms of a ‘cirant design due (o a size/desizn of the memory device 116 such that
the circuit design of the control logie 11%, m some embodiments, may need to be
stmplified as compared to the system controller 110, As sach, the control logic
118 with the simplified circuit design may not be capable of managing counters
for those blocks corresponding to a relatively large block size such as 512KB,
LO24MB, ete. In contrast, embodiments of the present disclosure reduce a size
of cach managed wmit managed by the control unit 118, which provides benefits
of enabling counter management independently of the systom controller 110,
{0045] Figure 3A ilhusirates 3 thming diagram 330 associated with
updating counters associated with a write operation 336, The counters may be

updated (0., managed) by a system controller 310, which can be a controller
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such ag the system controfler 110 that includes the cove component 112 {eg.,
analogous {0 a cove component 312 and the datapath component 114 (e.g.,
analogous o a datapath component 314) as deseribed in connection with Figure
1. In this exanple, the write operation 336 is an oporation requested by a host
{e.g., host 102} to be performed on a memory device 316, A read operation 332
is an operation performed to obtain {e.g., retricve) counters o be updated via a
counter update operation 334,

{60d6] In thas exarople, at a time 4, the core 312 sends a counter request
to the datapath 314, For example, the counter request may be a request for
refrieving {e.g., reading) counters (e ., write counters) associated with a
phvsical block address (PBA) to which the write operation 33615 10 be
performed. The datapath 314 generates a command (e.g., “read cmd™)
corresponding 1o the received counter request, and sends, at time &2, the
generated command to the memaory device 3160 At time y, the counters
retrieved from the memory device 316 are received at the datapath 314, wiuch
routes, at & Hme e, e retricved cownters to the core 312, As such, af some point
subseguent to i, the counters may be updated by the core 312 via a counter
update operation 334, The updated counters may be stored back to the memory
device 316 via the write operation 336, For example, at a time s, the core 312
sends a write request {e.g., to perform the write operation 336) to the datapath
314, which generates write commands (2.g., “write cmd”) couresponding & the
write request and sends, starting from a time ts, the generated write commands to
the memory device 316, As an example, when the write operation 336 is to be
porformed on ot of the managed units {e.g., bloek 2203 of the memory device
316, cach of the gencrated write conmmands may be directed 1o a corresponding
page of the managed unit.

{8047 As iltustrated in Figore 3A, when the counters associated with the
write operation 336 are managed (¢, updated) by the systom controlier 31,
the system controtler 310 may need to obtain information assoctated with the
counters prior to writing back the updated counters 1o the memory device 316,
Accordingly, the read operation 332 that is separate from the write operation 336
needs 0 be performed to obtain the counters.

[6048] Figure 3B illustrates a timing diagram 340 associated with

gpdating counters associated with a read operation 342, The counters may be
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updated {¢.g.. managed) by a svstem controller 310, which can be a controler
such as the system controller 110 that includes the core component 112 {e.g.,
analogous to a core component 3123 and the datapath component 11d{eg.,
analogous to a datapath component 314 as deseribed s Figure 1. In dus
example, the read operation 342 s an operation requested by a host {e.g., bost
102} t be pecformed on a memory device 316, A write operation 346 is an
operation performed to obtain (e.g., retrieve} counters 1o be updated via a
counter update operation 344,

{0849] In thys example, &t 3 time b, the core 312 sends a request{e.g.,
read request) to perform the read operation 342 on the memory device 316 (v,
a block of the memory device 316}, The datapath 314 gencrates a conumand
{e.g., read commands as dustrated in Figure 3B) corresponding to the request,
and sends, starting from a time {z, the generated commands to the memory
device 316,

A Data requested to be read (v.g., as specificd by read commands)
iy be refrieved (e.g rebaned) o the datapath 314 at atime . Datapath 344
routesab-a Hme tethe received data torthe core 312 such that the core 312
further roturns the retrieved data to the host {e.g, host 102). The retrieved data
{e.g., retrieved to the host) may include counters (e g, read counters assooiated
with a physical block address to which the write operation 346 18 1o be
performed}. As such, upon reveiving the counters {e.g., at the system controller
310}, the counters may be updated by the svstem controller 310 at some time
between ts {e.g., subsequent to receiving the counters at the core 312y and s
o, prior to'sending a request to wilte the updated cownters back to the
memory device 316},

{0651 To write {e.g., store) the updated counters back to the memory
device 316, another operation {e.g., write operation 346} that s separate frow the
read oporation 342 needs to be performed. For example, at a tae 13, the core
312 sends a counter request {e.g., to wrile the updated counters back to the
memory device 316} to the datapath 314, which generates a write command
{o.g., “write cod™y corresponding fo the counter request, and sends, at g thime
the generated write comniand to 3 particular location (e.g., where the counters

were previously retrieved from) of the memory deviee 316,

W
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j8032) When counters are managed (e.g., updated) by a controller, such
as the system controller 110, updating counters associated with a write operation
{o.z., as ilustrated in Figure 3A) and a read operation (c.g., as iHlustrated in
Figure 3B} may requive an operation that is separate from the associated write
and read operations 336, 342, For example, counters assoctated with the write
operation 336 of Figure 3A may not be updated withowt a separate read
operation 332 because the system controller 310 needs to identiy a value
corresponding to the counters priog to updating and writing back to the memory
device 316, Samtlarly, countars associated with the read operation 342 of Figure
3B may not be updated withoat a separate write operation 346 because, although
the counters may be read by the read operation 342, the updated counters need to
he written back to the memory device 316, which may not be performed by the
read operation 342,

{8033 Figure 3C illustrates 3 timing diagram 330 associated with
performing a counter update operation in accordance with a mumber of
embodiments of the presowt- disclosure. A yorite operation 352 and g read
operation 354 llustrated i Figure 30 may be operations requested by a host
{2, host 192) The countors may be updated {o.g., managed) by, for exanysle; a
control logic {e.g., control fogic 118 of Figore 1) of a memory device 316
j6054] In this example, at a time 1, the core 312 sends a request to
perform a write operation 332 on the memory device 316 {o.g a block of the
memory device 316}, For example, the request to perform the write operation
may be a reqoest received from a host (e.g., host 102). The datapath 314,
responsive to recelving the request from the core 312, gonerates a command
{2, “write cmd”) corresponding to the request, and sends, starting from a time
tz, the generated conumands to the memory device 316, As an example, when
the write operation 352 s to be performed on one of managed units (e.g., block
2267 of the memory device 316, cach of the generated write commands may by
directed to a corresponding page of the managed unit,

{0035] In this exaraple, st a time t, the core 312 sends a request o
perform a read operation on the memory device 316 {c.g., a block of the memory
device 316). For example, the request to porforn: the read operation 354 may be
a request received from a bost (e.g., host 102). The datapath 314, responsive fo

receiving the request from the cove 312, generates a command (e.g.. “read cmd™)
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corresponding to the request, and sends, starting from a time ty, the generated
conmmands to the memory device 316, Ag an example, when the read operation
354 15 to be porformed on one of managed enits (o.g., block 228) of the memory
device 316, cach of the generated read commands may be directed to a
corresponding page of the managed unit. Data requested to be read (e.g., &8
specified by read commands) may be retrieved (.., retuned) to the datapath
314 at o ome 5. Datapath 314 routes, at a time &, the received data to the core
312 such that the core 312 further returns the retrieved data to the host {c.¢., host
Y, Inoa munber of embodiments, the data retneved at a time & from the
memory device 316 may be free of {e.g., may not inchude} information
associated with counters (v.g., counter values).

{80506] In a number of embodiments, coramands gencrated by the
datapath 314 and wssued to the memory device 316 may be free of nstructions Lo
cause the meniory device 316 (g, control logic 118} fo update the counders.
Stated differently, commands issued starting from a time L and & may nclude
instractions to cause the control logie 118 to purform corresponding memory
operations (e.g., read’write operations 352, 354} while the same commands may
be free of (e.g., may not include} instructions to cause the contred logie H8 to
perform the counter update operations. Accordingly, the control logic 118 can
be configured to perform a counter ypdate operation independently of the system
controller 11{ andfor the hoyt 102 while being vonfigured to perform memory

operations {¢.g., requested by the host 102) dependently of the recetved

connnands.
U Further, the coimier update’ operation performed as ifhustrated in

Figure 3C is embedded within the write operation 332 and/or the read operation
354 in that i can be performed without a separate read operation (e.g., such as
the read operation 332 for the write operation 336) and/or a separate write
operation {¢.g., such as the write operation 344 for the read operatiom 342)

Also, unlike the counter update operation described in Figure 3A and 3B, which
1s performed responsive 1o a request from the core 312 that is separate from a
request to porform a read operation 336 andfor a write operation 342, the counter
operation cinbedded within corresponding memoty operations nxay be porfornied
responsive 1o an individual request that would alse trigger performing the

corresponding memory oparations.

ot
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{058] Figure 4 lustrates a diagram 450 associated with performing a
counter update operation during 8 read operation in accordance with a nursber of
cmbodiments of the presewt discloswre. In this example flustrated in Figwe 4,
the read operation may be an operation requested by a host {e.g., bost 102 to be
performed on blocks 420 (e.g., block 220}, For examiple, a request to perform
the read operation may be received at a system controller {e.g., system controller

110}, which generates corresponding commands {e.g., by the datapath

¥4

component |4} and sends the corresponding conumands to a control lagie (e.g.,
control logie 118

{59 Ag itlustrated in Figwre 4, two different blocks 426-1 and 420-2
(e, collectively referred 1o as blocks 420) ave shown 1y Figure 4. Each of the
hlocks may be a managed unit and partitioned mto a number of address spaces
such that each of the number of address spaces may be controlied independently
of others. For example, cach partitioned address space of the blocks may
include a portion of & number of pages (e.g., of cach of the blocks) such that a
munbor of oporations may be sinnliancously performed among pages of the
same block. For example, the control fogic 118 may initiate a read operation
.3, along with a countor update operation) corresponding to 8 command 452N
while a read operation corresponding to a conmand 452-(N-1} is being
performed. As an example, pages 454-{N-2}, 454-{N-1}, 454-N (e.g., of the
block 420-1) may be assigned o a partition 1, 2, and 3, respectively, and pages
4580, 458-1, 458-2, and 458-3 may be assigned to apardtion 9, 1, 2, and 3,
respectively.

{{i60] The block 420-1 may mclade 3 munber of pages {e.g, N+
pages) mctuding a page 452-(N~1) and a page 4532-N. For example, the page
452-(N-1) {e.g., one of a plurality of first groups of memory cells) may comprise
aser data, which can be read (e g, retrieved to a host 102) via a read convmand
432-(N-1). For exanple, the page 452-N (e.g., a sccond group of menwry celis)
may comprise overhead data along with counters associated with the block 420-

1. Accordingly, 8 counter update operation may be performed on the page 452~

{0061] In this example tllustrated in Figure 4, read conunands 452

including commands 432-(N-1) and 452-N may he sequentially recetved prior to

a time t. Accordingly, read operations on the pages 454 inclading pages 454-
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{N-23, 454-(N-1), and 454-N may be sequentially initiated in response to the
receipt of the read conumands 432,

{B62] The command 432-{N-1} directed to a page 454-(N-1} is received
{e.g., at the control logic 118} at some time prior to a thoe & as well as priorto a
command 452-N. Ag sach, in response to 8 determination that the page 434-(N-
1} comprises the user data, the control logic 114 can perform a read operation on
the page 434-(N-1)} by refrieving the user data baek to the system controller 110,
which can further return the retrieved user data back to the host 102,

{8063] The command 432-N divected {0 a page 434-N s received (e.g, at
the control logic 118) at a time £1. As such, i responsce o a defermnation that
the page 454-N comprises the counters, the control logie 118 can update (e,
perform a counter update operation) the counters (e g, read couters) n additon
to performing the read operation as requested by the host 102 and instructed by
the command 452-N. For exanmple, data stored on the page 434-N can be read
from a tito b (e.g., “tRead”) and the counters may be updated from tto 6 {e.g.,

“tComverlipdate™). The reifvieved data (0., denoted as “454-N7) may be sent

back to the system controller 110 via a data bus such as a DO bus.
{64} Ina number of eonbodiments, the counters may be updated

without being tansferved back to the system controlier 111 Accordingly, in thig
example, the counters stored on the page 454-N may be simaltancousty spdated
while the overhead data {e.g., metadata) and the counters retrioved from the page
454-N may be sent back to the system controller 110, For example, the metadata
retrieved from the page 454-N may be sent, at a thme 2, back to the system
vontrofler 110, and the coanters may be wpdated also at a time &, Therefore,
latencies associated with transforring the counnters between the memory device
116 and the system controller 110 may be eliminated in updating the counters.
j6065] In some embodiments, the counters may be buffered to be
gpdated at 8 later time (e.g., subsequent to a fime £2). Instead of being updated at
t2, the counters nay be, for example, buffered (¢, from being wpdated) until an
nternal resource s readily available for updating the counters such that other
operations (e.g., read/write operations) are not adversely affected by latencies
assoctated with updating the counters.

{6666] In this example tHustrated in Figore 4, write commands 456

inclading commands 456-0, 456-1, 456-2, and 436-3 may be sequentially
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received subsequent to a time tr, and write operations on the pages 458 inchuding
pages 438-0 438-1 458-2, and 458-3 may be sequentially initiated in response
to the reoeipt of the write conumands 566, While the counters are being updated,
another operation {¢.g., read operation) may be imtiated on another block 420-2,
For example, those pages 458-0, 458-2, and 458-3 that are assigned o a different
partition {¢.g., address space) than the page 454-N may be read simultancously
with the counter update operation being performed on the page 434-N

[an67] Inn some embodiments, the data stored on the page $534-N may not
be retrieved o the system controller 110 In this example, rather than providing
the data stored on the page 454-N to the system controfier 110, the control logic
118 may provide, at a time 12, data stored on and retrieved from the page 4538-1
via a data bus. As such, latencies associated with transferring the data stored on
the page 454-N {e.g.. including the counters} may be eliminated in porforming a
number of memory operations on the memory device 116 {e.g., including the
block 420-1 and 420-3),

{68} Figure 5 iHustrates a dingrany 560 associated with perforagng g
counter update operation during a writs operation in accordance with a number

of embodimints of the present disclosure. In this example iflustrated in Figure
3, the write operation may be an operation requested by a host (e.g., host Hi2} 1o
be performed on blocks S2¢ {e.g., block 220, For exanple, 8 request to perform
the write operation may be recetved at a system controller {e.g., system
controller 110}, which generates corresponding compands (e.g., by the datapath
component 114} and sends the corresponding commands o & contvol logie (e,
vontrof fogie 118},

{6869] As Hlustrated m Figure 5, two different blocks 320-1 and §20-2
{e.g., collectively referred to as blocks 520} ave shown in Figure 5. Each of the
blocks may be a managed unit and partitioned into a nomber of address spaces
such that each of the number of address spaces may be controlled independently
of others. For example, cach partitioned address space of the blocks may
nclude a portion of a number of pages (v.g., of each of the blocks) such that a
mumber of operations may be simultancously performed among pages of the
same block., For example, the controt logic 18 may tidtiale a wrile operation
{e.g., along with a counter update operation) corresponding & a command 363N

while a write operation corresponding to a comumand 362-(N-1) is being
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performed. As an exanple, pages 564-(N-3), 364-(N-2}, 364-{N-1}, and 564-N
{o.g., of the block 420-13 may be assigned to a partition 0, 1, 2, and 3,
rospectively, and pages 368-0, 56&-1, 568-2, and 568-3 may be assigned to a
partition 0, 1, 2, and 3, respectively.,

{8678] The block 520-1 may include a namber of pages {e.g., N+l
pages) inclading a page $62-(N-1) and a page 362-N, For example, the page
S62-(N~1} {e.g., one of a plurality of first groups of memory cells) may comprise
user data, which can be written (e, refrieved 1o & host 102) vig a write
conmnand S62-(N-1). For example, the page 562-N (e.g., a second group of
memory cells) nay comprise overhead data and counters associated with the
hlock 320-1, which can be written via a write comnuand 362-N. Accordingly, a
counter update operation may be performed on the page S62-N.

{0871] In this example illustrated 1w Figare §, wrile conumands 562
mcluding commands 362-(N-1) and 362-N may be sequentially received from a
time . Accordingly, write operations on the pages 564 mcluding pages 564-(N-
rand 364N may be sequentially initiated prior toa thne b v responseto e
receipt of the writs commands 362

{8872 The connmand 562-(N-1) directed to 3 page 364-(N-1} is received
{e.g., at the control logic 118) at some time prior to a time b as well ag prior to a
command 562-N. For example, the command 562-(N-1) may fnchude an
matruction o write a data pattern {e.g., user data received from the host 102} as
well as the data pattern to be stored on the page S62-(N-1}. As such, the control
fogic 118 can perform a write operation on the page S64-{N-1} by storing a data
pattern recetved fom tho system controller TH (e, as from the host 102) on
the page 364-(N~1}.

{0873} The command $62-N directed to a page 564N is recenved (e, at
the control logic 118) at a time ©. For exanple, the conmmand S62-N nay
include an instruction {o write a data patiern (¢.g., overhicad data weeetved frm
the host 102) as well as the dats pattern to be stored on the page 362-N. In
response (o a reecipt of the data pattern a time tz, the control logic 11K can, from
a time L2to & time &, wpdate the counters stored on the page 362-N in addition to
{e.g.. as well as) writing the received data patfem 1o the page S62-N,

[6074) As such, the control fogic 118 can update the counters and write

the data by an individual write operation (e.g., by the write operation performed
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from a time 2 to a tine L4}, Accordingly, a separate operation such as a counter
update operation may not be required for updating the counters during a write
operation. Stated differently, a counter update operation can be embedded
within a write operation performed on the page 564-N.

{8675] In this example ilustrated in Figare §, write conmmands 566
including conunands 366-0, . | ., 566-5 may be scquentially recoived from a time
&3, and write operations on the pages 368 including pages 568-0, .. 568-3 may
be sequentially mnitiated from a time & In response 1o the receipt of the write
conmands 566, While the wrnite operation 15 being performed on the page 364-
N, another operation {e.g., write operations) may be initiated on ancther block
320-2. For example, data patterns (e.¢., requested to be written to the block 520-
2} may be written to those pages 568-0 and 568-1 that are assigned to a different
partition {c.g., partition € and partition 1) than the page 564-N {c.g., partition 3}
while the write operation is being performed on the page 364-N. Data patterns
may be mitiated to be wnitlen to pages 568-2 {e.g., at a time 1) and 368-3 {e.g.,
at @ Hme i) 0 rosponse o a wesipt of wiliec commands 366-8 amd 566-3,
ruspectively.

{8876] In soame cinbodiments, write operations can mclude operations
that can be referred to as read-modify-write (RMW) operations.  For example,
writing a data pattern t© pages can include reading an entive page of data from an
array of memory cells, updating the page with new data patters, and then writing
the apdated page back to the array of memory cells. Ag soch, a read operation
that can be performed as a pavt of the RMW operation is an inherent operation of
the RMW operation sech that the read operation and a write operation of the
same read-modify-write operation are performed by an individual operation,
Accordingly, those write operations Hustrated 1n Figure 3 may not need a read
operation separate frony the write operations if the write operations are RMW
operations. In some cmbodiments, wpdating the counters can include applving a
write signal only to those cells of pages whose stales are to be changed during a
write operation.

{8977] Although specific embodiments have oo ithstated and
described herein, those of ordinary skill in the art will appreciate that an
arrangement calculated to achieve the same results can be subsninuted for the

specific embodiments shown, This disclosure is intended to cover adaptations or
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variations of a munber of embodiments of the present disclosure. Risto be
wunderstood that the above description has been made in an illustrative fashion,
and not a restrictive one. Combination of the above embodiments, and other
ernbodiments vot specifically described herein will be apparent to those of
ordimary skill in the art ppon reviewing the above deseription. The scope of 8
aumber of embodiments of the present disclosure inclades other applications in
which the above structures and miethods are used. Therefore, the scope of a
aumber of embodiments of the present disclosure should be deternuned with

g of equivalonts to

b
b

reference to the appended clims, along with the fdl ran
which such claima are entitled,

[6678] In the foregoing Detatled Description, some featurss are groupsd
together in 8 single ersbodiment for the purpose of streamlining the disclosure.
This method of disclosure is not {o be interpreted as reflecting an intention that
the disclosed embodiments of the present disclosurs have fo use more features
than are expressly recited in each claim. Rather, as the following clabns reflect,
inventive suliject niatior Hies in Joss thany sl features of o single disclosed
embodiment. Thus, the following claims are horeby Incorporated into the
Detatled Descriptiony, with cach clam standing o s own as a separate

embodiment.
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What is Claimed is:

I. An apparatus, Comprising:
a memory including a managed wnt, wherain the managed wt includes
a plurality of fivst groups of memory cells and a second group of memory cells,
wherein respective counters associated with the managed unit are stored on the
second group of memory cells; and
a controller including
a core configured to route a memory operation request received
from a host; and
a datapath coupled to the core and the memery, the datapath
configured to issue, responsive to a receipt of the raemory operation request
routed from the core, a plurality of commands assoctated with the routed
MSnary oporation reguest to the memory to perform corresponding memory
operations on the plurality of first groups of memory cells, wherein the

respective cowters arc updated nrdependently of the plarality of conumands.

2. The apparatus of claim !, wherein the plurality of connnands issued from

the datapath are free of instructions o cause the memory to update the respective

COUnLETS.
3, ‘The apparatus of claim 1, wheren the datapath is coupled to the memery

via a data bus, and wherein the respective comters are wpdated withow the

respective counters being transferred back to the datapath via the data bus.

4. The apparatus of any one of claims 1 to 3, wherein a logical to physical
address table is stored on the second group of memory cells along with the

respective counters,

5. The gpparatus of any one of clagims | to 3, wherein metadaty are stored on

the second group of memory cells along with the respective counters.

&, The apparatus of any one of claims | to 3, wherein the regpective counters

comprise at least one oft

It
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a read counter whose value is incremented cach time the pharabity of fust
groups of memory cells are read; and

a write counter whose vahe is incremented each time the phurality of first
groups of memory cells are progransned.
7. The apparates of any one of claims 1 o 3, wherein the pluratity of first
groups of memaory cells and the second group of memory cells are non-volatile

mamory cells.

3. AR apparatus, comprising;

a system contvoller coupled to a host and configured to tssue a plavalny
of commands corresponding to & memory operation request reeeived from the
host; and

a memory device coupled to the system controlier and including a
managed umt, wheremn the managed wut includes a plurality of first groups of
memory celle and 3 sccond growp of memory celly, wherein respective couttors
assoviated with the managed wiit are stored on the second group of memory
celis; amd

the memory device, via a control logic, configured to:

receive, from a system controller, the phurality of commands;

perform, responsive {o the reeeipt of the plorality of conuuands,
corresponding memory operations on the managed anit; and

performiing, ndependently of the plurality of commands, a
counter update operation on the second group of memory cells sueh that the
rispective countters stored on the second group of memaory cells are updated
according to the corresponding memory operations performed on the phaality of

first groups of memory cells.

9, The apparatus of claim ¥, wherein the plorality of commands comprises
nstructions 1o cause the contrel logic to porform cotresponding momory
gporations onthe plurality of first groups of memory celis while the plurality of
commands are free of nstructions 1o cause the control logic fo perform the counter

apdate operation on the second group of memaory cells.

3
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1. The apparatus of claim 8, wherein the control logic is configured to
perform the counter update operation despite that the system controller does not

cause the control logic to perform the countor update operation.

11, The apparatus of any one of chums & to 10, wherein the system controller
is coupled to the host via a phyvsical Peripheral Component Interconneet Expresg

{PCle} coromand path.

12, The apparatos of any one of claims 8 to 10, whercin the systom controller

comprises 3 Non-Volatile Memory Expreas (NVMe) controller.

13, The apparatus of any one of claims § to 10, wherein the control kogic is
mtemnal 1o the memory device, and wherein the plurality of conwnands are

reccived from the system controller via a memory nterface.

14, Anapparatus, comprising:
a systern controller comprising;
a core configured to recetve a request, from a host, to perform a
memory operiion on g memory device inchiding 8 managed snit, whereln
the managed unil mchudes a phaality of first groups of
memory cells and a second group of memory cells; and
the second group of meniory cells conprises respoctive
counters associated with the managed wnit; and
a datapath configured to:
receive, from the core, 3 vouted rogoest to perform the
memary operation; and
sequence, to be ssued o the memory, a pliwality of
commands each associated with a corresponding one of the routed reguests;
the datapath further configured 10 1ssue, responsive 1o a particular
rowted request recaived from the core, a plurality of commands comresponding 1o
the particular routed request to the memory device; and
the memory device, via a control logic, configured to:
perform the memory operation on the managed unit as mstructed

by the received plurality of conymands; and
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perforny, independently of the received plurality of commands, a
counter update operation on the respective counters stored on the second group

of memory cells.

15, The apparatus of claam 14, wherein the memory operation and the counter
gpdate operation are performed together responstve o an individual request,

which is the request routed from the datapath.

16, The apparatus of clmm 14, wherein the updated respective counters are not

transforred back o the datapath.

17, The apparatus of any one of claims 4 © 16, wherein the menory
operation is a read-modify-write opemtion, i which a read oparation performed
on the managed unit 15 an inherent operation of the read-modify-write operation
such that the read operation and a write operation of the same read-modify-write

operation ave porformed by an Individual operation.

18 A method, comprising:

receiving, from a system controller coupled to a host, a plorality of
commands directed to & managed anit that inclodes a plorality of first groups of
memery cells and a second groep of memory cells, wherein the system
controller receives a memory operation request from the host and 1ssue
commands corresponding to the memovy operation request;

perforning, respomive to receiving the phaahity of commands, memory
operations corresponding to the plurality of commands on the plurality of first
groups of memory cells and the second group of memory cells; and

performing, independently of the phurality of comnnands, & counter

update operation on the second group of memory cells,

19, The method of claim 18, wherein performing, independently of the
plurality of commands, the counter operation comprises incrementing values of

the respective counters wti! a threshold value is reached,

20, The method of claim & wherein performing, independently of the

3z
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plurality of conunands, the counter updste operation comprises decrementing

values of the respective counters.

21, The method of claim 18, whorein poaforming, indepeondently of the
pharality of commands, the counter update operation comprises reseting,
responsive to detcrmining that the values of the respective counters reach a
threshold value, valucs of the respective counters such that the reset valaes are

adjusted 10 an initial vahue,

22, The methed of claim 18, wherein perfornung, independently of the
phaahity of commands, the counter operation conprises alerting the systom

controlier when sny one of the respective counters reaches 3 threshold value.

23 The method of clatw 18, wherein porfornung, independently of the
plurality of convnands, the counter update operation comprises applying & write
signal only to those cells of the second group whose states are 1o be changed by

the counter update operation.
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